Recreational fishing in Long Island Sound has been thriving since 1998 and the proportion of recreational and sports fishing has steadily increased over two decades. It interrelates with the regional tourism and recreational sectors as well as its integration of sustainable coastal development with the greater economy. Given the significance of recreational fishing in the area's economy, a generalized demand model is used to examine the demand for recreational fishing in the Long Island Sound. The model provides local policy makers with useful information on the sensitivity of fishing demand to changes in relative prices, and fishing in neighboring areas. Exact welfare variation measures are calculated for changes in price across the study areas. Results suggest that overall angler trips in the study areas are found to be ownprice-inelastic, and only angler trips in NJ and RI are sensitive to the own-price change. Findings also suggest the average welfare jump by 9% due to an increase of 10% in the price of study areas.
Introduction
Recreational and sports fishing have a long historical association with coastal economic activities around the Long Island Sound. Anglers with Flounder, Tautog, Sea Bass, Scup and many other species are provided across the Long Island Sound. It is a most important recreational site in the North and Mid-Atlantic which estimated over 6 million angler trips from NY, CT, and RI in 2014 (MRIP, NOAA, 2014) . Total angler expenditures on marine recreational fishing in those three states were over $635 million and contributed more than 6 thousand jobs to the regional economy.
The activities that take place in marine and coastal environments have the potential to provide substantial support to the region's economic growth. The key connections between the coastal and marine-based industry and the larger economy are through the greater tourism sector operating on regional economy. Recently, recreational fishing is reported responsible for a dramatically increasing percentage of total fish catch (Cooke and Cowx 2006; Fletcher and Santoro 2009) . Extraction by recreational fishing is even greater than commercial catch in some species (Coleman et al. 2004; Gao and Hailu 2011) . However, substantial economic and social benefits from recreational fishing cannot completely reflect in market transactions (Toivonen et al. 2004) . Several environmental problems might be highlighted as more people cluster at the fishing sites. Thus, knowledge of recreational demand for fishing in the Long Island Sound may be helpful in the management of recreational fishing and stimulation of the sustainable development.
Much of past marine recreational fishing demand research were based on the random utility theory or random utility model (RUM). These include single/multiple-site travel cost models by the work of Bockstael (1984 Bockstael ( , 1987 , discrete models (Carson, Hanemann, and Wegge 2009; Haab et al. 2012; Whitehead 2013; Greene, Moss, and Spreen 1997) , and time series methods (Chu 2008; Kim et al. 2011) . O'neill et al. (1991) estimated an angling demand function in Northern Ireland using OLS estimators. They indicate an inferred price elasticity of 0.7 and consumer will be favorable nearly 9.1 million pounds of fish. The estimated own-price-elasticity was positive, which is an indication that the OLS may be biased. Carson (2009) used travel cost model to find the demand salmon angling Ireland. A truncated negative binomial model is employed with count data with, and the results indicate that recreational fishing demand is significantly affected by angling quality, age, and nationality affect. The estimated consumer surplus per angler per day was 138 Irish pounds on the average. Lupi et al. (2001) use a similar method to investigate the demand for recreational angling in Michigan. They incorporate a fourlevel nested logit model on one season of angler data. They show that the travel cost method establishes a relationship between the recreational use and the cost and characteristics of the sites. This method provides a linkage between site quality and the travel cost method demand for trips to the site The Generalized Demand Model Approach e.g. Rotterdam Model, CBS Almost Ideal Demand System (AIDS) model, has been widely introduced into the analysis of the recreation/tourism demand model. Empirical studies have shown that the Generalized Demand Model Approaches is a technique for analyzing the market share of tourism demand and provides a range of information about the sensitivity of such demand to price and expenditure changes (Han, Durbarry, and Sinclair 2006) . Those approaches explicitly address the causal relationships between tourism demand and the factors influencing it. They also have advantages in exploring and interpreting the elasticities of the explanatory variables, which can be employed for the assessment of policies and business plans, and more importantly they provide several statistics to measure accuracy and validity (Frechtling et al. 1996) .
In this study, Generalized Demand Model Approaches are used to estimate the demand for recreational fishing in the Long Island Sound. Study regions are focused on the Long Island Sound, including States, NY, NJ, RI, and CT. The homogeneity and symmetry restrictions will be tested in the estimation. Price elasticities, including own-price elasticities and cross-price elasticities will be estimated from the demand theory. Furthermore, short-run and long-run expenditure elasticities will be calculated to compare, which will provide important implications for the pricing strategies to enhance the Long Island Sound's competitiveness as a fishing and tourism destination. A scenario welfare measurement and simulation based on a welfare variations calculation assumes a 10% increase in the price of overall recreational fishing in the four regions.
Model of Recreation Choice
Following the common recreation analysis, we assume that recreation is chosen conditionally upon, not jointly with, decreasing in trip costs and increasing in trip quality (Whitehead 2013 The utility function is assumed to be differentiable and quasiconcave in and budget constraint are linear in . The indirect utility function can be solved as
Where is the unobserved factor. The Lagrange multipliers represent the shadow values of money, which is the marginal utility of income. From the Marshallian demands = ( , , ), therefore, the most common practice in empirical recreation demands specification, which include the price, budget and some characteristics of sites.
We employ the generalized demand model of Barten (1993) and (Eales and Unnevehr 1988) for estimation. It is consistent with the demand theory and provides for ready identification of substitution effects and permits testing the theoretical restrictions of homogeneity and symmetry. Importantly, the generalized model nests four demand, namely, the Rotterdam, the differential Almost Ideal Demand System (AIDS), the Central Bureau of Statistics (CBS) model, and the National Bureau of Research (NBR) model (Eales, Durham, and Wessells 1997) . Those model permit testing is whether the simpler models provide an adequate representation of traveler preferences.
The trips are considered relatively homogenous across regions. We combined it into a single category. A four-equation system by origin (NY, NJ, RI, and CT) need to be generated for estimation. Fishing in the four regions is assumed to be weakly separable from another area, so as a two-stage budgeting can be invoked to justify the conditional demand specification (Xie, Kinnucan, and Myrland 2009 ).
The basic specification follows Eales' (1997) earlier work and specifies the model in a quantitydependent form. The notation is:
= 1, … , Where 's are coefficients of the generalized model and the term in equation (1) is the Kronecker delta which is a function of two variables.
= 0 if ≠ and = 1 if = . 1 and 2 are nesting parameters for ordinary system (Barten 1993) that yields four models for estimation. Specifically, Rotterdam model will result when 1 =-1 and 2 =1. The Rotterdam model is a particular parameterization of the generalized demand model which assumes the marginal shares and the price effects should be held constant. If we allow each marginal share to differ from expenditure share, by a constant, result into the CBS model by setting, ( 1 , 2 ) equal to (0, 1). The CBS system has variable real income, that is, real expenditure effects (variable marginal shares) and constantly compensated price effects. AIDS model will be reduced from equation (3) when when 1 and 1 equal zero. AIDS has both the real income effects and the compensated price effects variable. A fourth alternative, NBR models is a hybrid of the Rotterdam and AIDS and is obtained by setting equal to (-1, 0). The NBR system which has fixed real income effects and variable compensated price effects.
, which is the budget share at the th location. The notation = − in the model, which is the change in the between t and t-1.
= ∑ is the Divisia Volume Index for the change in real expenditure, where ,is the annual precipitations for recreational fishing at regions and ,is annually mean expenditure for each of a trip in regions . The mean expenditure of a single trip to each of the fishing regions generally consists of the cost of getting to the site and the cost of a site. is a dummy variable that is assuming a value of 1 for the indicated fishing waves in every two months. Seasonality is specified on a wave rather than a monthly basis for simplicity.
Theoretical restrictions on the price and expenditure parameters in equation (1) are as follows (Eales et al., 1997 (Eales et al., : 1157 :
Also, the following adding-up conditions apply to the dummy variables:
Expenditure and price elasticities can be calculated by and following formulas from Eales et al., (1997) :
Data and Estimation Procedure
Bimonthly data on quantity and expenditures for the period 2006-2012 across the four states, including NY, NJ, RI, and CT, were provided by the Marine Recreational Information Program (MRIP) and Marine Recreational Fishing Expenditure Survey (2006) (2007) (2008) (2009) (2010) (2011) (2012) . MRIP, is the way the National Oceanic and Atmospheric Administration (NOAA) Fisheries count and report marine recreational catch and effort. This program collected information from recreational anglers about how often they are going fishing (effort), participation estimates, and what they are catching per trip (catch rate) every 2-month period that called a "wave" using a system of surveys. National Marine Fisheries Service conducted the National Marine Recreational Fishing Expenditure Survey since 2006 with the intent to collect annual expenditures on durable and non-durable goods used for marine recreational fishing. The original data set contained 48 observations. However, seldom fishing trips are on wave one (January and February), leaving 36 for estimation.
The MRIP household survey is designed to estimate the number of participants in marine recreational fishing within a given state. The survey is also used to develop estimates of the number of trips by fishing mode (shore, party or charter boat, or private/rental boat) for these participants. In our study area, as Table 1 , annual fishing anglers across the study areas range from 1 million to 7.2 million. New York and New Jersey dominate the recreational fishing market and stand for 90% of the recreational fishing participants. The peak of the fishing seasons is wave 3 (May and June) and wave 4 (July and August), accounting for over 80% of annually fishing anglers. All prices and values are measured by mean trip expenditures in our study area in each stratum. Angler trip's expenditures include the durable expenditures and cost in different fishing models, e.g. For-Hire, Private Boat, and Shore, fishing. Durable expenditures include durable goods used for saltwater fishing such as fishing rods, boats, and vehicle for the previous two months. The cost in different fishing models includes round trip travel cost, bait cost, charter fee, lodging, and food. Round trip travels distance between the angler's home zip code and the actual geographic location of the intercept site. The American Automobile Association's average variable cost of operating a vehicle ($0.145/mile) was used to convert the distance to private transportation expenditures. Non-residents and residents are also separated to estimate the expenditures. Mean trip expenditures were estimated higher for non-residents than residents in all of the study areas. For non-resident anglers, they are tended to travel further (e.g. Across States) and were more inclined to take an overnight fishing trip and requiring the use of lodging. Resident anglers in every state but one spent considerably more on fishing equipment, and durable items, e.g. Residents tended to spend significantly more, per angler, on boat purchases, boat accessories, and boat storage.
As Table 1 , the volume of anglers over the sample period decreases by more than a quarter. Mean angler's trip expenditures across the Long Island Sound ranged from $175 to $524, highest in CT and lowest in NY and over of 70% are spent on the duration goods. Separately, marine angling trip expenditures in NY were 32% of total angling expenditures and durable goods expenditures were the remaining 68% in NY, which is $115 million on trip expenses and $470 million on duration goods. Mean trip expenditures in NJ were $524. Marine angling trip expenditures were 22% of total angling expenditures and durable goods expenditures were the remaining 78% with $309 million on trip expenditures and $1.1 billion expenditures on durable goods. Marine angling trip expenditures in CT were 25% of total angling expenditures and durable goods expenditures were the remaining 75%, which are 12 million and 41 million. Trip expenditures in RI were $32 million (29% of total) and expenditures on durable goods were $132 million (71% of total). Mean trip expenditures in RI were $200.
The share equations were estimated as a nonlinear iterated Seemingly Unrelated Regression (SUR) model using the model procedure of SAS version 9.3. Estimation proceeds in three different models (one equation will be drop to avoid perfect collinearity). The generalized model was tested firstly to determine whether it could be rejected in favor of one of the nested models. We also tested whether the theoretical restrictions on the chosen model are compatible with the data. Then, based on the results, optimal estimation and specification will be used to calculate the income and demand elasticities. 
Results
Wald statistics are employed to test whether the generalized model could be rejected in favor of one of the nested models. Test results indicate that the Rotterdam, NBR and CBS specifications are restrictive. Specifically, computed Wald statistics for these models are 42.6, 67.7, 36.1, respectively, which are higher than their critical values (Table. A1 ). The AIDS model, however, appears to be statistically equivalent to the generalized model, as its computed Wald value of 3.07 is comfortably below the critical value. Hence, AIDS are selected as a functional form for modeling recreational fishing demand for Long Island Sound, and the estimated parameters are used to calculate the demand and income elasticities.
Based on the AIDS specifications, three theoretical restrictions are tested by using Wald statistics. The finds suggested three restrictions including homogeneity, symmetry, adding-up are compatible with the data as a Wald value of 2.6, 3.1 and 5.2 respectively, which implies the system model desire to have elasticity estimates that are consistent with theory (Table. A2 ). Thus, the restrictions are imposed by the system.
Estimation results for the final model based on the SUR estimator are given in Table A3 . The system was estimated with D.W. values from 2.1 to 2.6 for all three equations to correct for serial correlation. The R 2 s range from 0.55 to 0.80, with the NY equation showing the least explanatory power and the NJ equation the most. The estimated intercepts, which indicate trend effects, are significant in all the equations. Positive intercepts in the RI, NY suggest that consumer preferences for these regions may be strengthening over time. Of the four parameters associated with the dummy variables to control the seasonal changes, most are significant. This underscores the importance of seasonality in recreation fishing demand. 
Price and Expenditure Elasticities
The conditional (Marshallian) elasticities and descriptive statistics are reported in Table 4 . The tratios associated with the elasticities were computed using the Wald test and were asymptotic. The conditional income elasticities are all positive and significant except those in CT. Thus, most trips benefit from income-induced increases in market size. NY's recreational fishing industry will be favorable from the income-induced increases in market size with the highest elasticity (1.6).
The conditional price elasticities are negative along the diagonal (own-elasticities). Trips are own-full-price-elastics, so for a 1% increase in fishing price (mean expenditure), the number of fishing anglers decreases by more than 1%. Own-elasticities in NJ and RI are relative elastics which is 1.0 and 1.1, respectively. The aggregate elasticity of recreational fishing in the study areas is 0.78 which is measured by weighing these elasticities respecting mean value shares in each region. Note: Numbers in parentheses are asymptotic t-ratios. *, **, *** indicate significance at the 10, 5, and 1 percent level, respectively.
The system is constructed to allow substitution between the neighbor states. Most of the crossprice elasticities are significant at the 10 percent level or better. Most of the cross-price effects are insignificant in CT. It reflects the dramatic shakes in CT's recreational fishing from 2009 to 2012. Significantly, substitution effects are found between NY and other states, since it is the center of the study areas. The cross-price effects between NY and NJ recreational fishing are and 0.05 and 0.03, respectively, which suggests that the substitution effect is weak between NY and NJ. This might be surprising. An explanation is that over 95% angler trips in those two States are residents, and they seldom travel to the other places for fishing. Another reason might be the large gaps of market share between those two regions, which, NJ's market share is 65 percent against 15 percent in NY. Similarly, cross-price effects between NY and CT recreational fishing are and 0.4 and 0.31, respectively, since market shares in those two regions are close (15-20 percent), and they share the similar fishing location that located in the north Long Island Sound. The negative cross-price elasticities suggest that the whole is complemented by other areas. However, all the negative cross-price elasticities are insignificant.
Hicks' price elasticities are estimated in Table 4 . According to this measure, the strongest substitutes in the group in rank order are NJ-CT (0.83), NJ-RI (1.43) CT-NY (0.83). Although NJ and CT do not compete directly, they compete indirectly via common substitution effects with NY. A reduction in the price of fishing in NJ would reduce the fishing demand for NY, which, in turn, would decrease the demand for CT. The compensated price elasticities for NY-NJ and RI-NY are 0.08 and 0.13, which means these products (recreational fishing) in essence are independent goods if the uncompensated effects are ignored. Note: Numbers in parentheses are asymptotic t-ratios. *, **, *** indicate significance at the 10, 5, and 1 percent level, respectively.
Welfare Measurement
Demand functions are specified by using a utility-based approach and the model's inerrability allows exact welfare measurement. The impact on consumers of a variation in prices is often measured by compensating variation (CV). CV is defined as the amount of money needed to compensate a consumer for the price change and restore the original utility level. It, therefore, corresponds to the difference between the two values of the expenditure function. Following Shaikh (2003) and Pons (2011) , the CV respecting price change from 0 to 1 , measured as:
Approximating (13) using a second-order Taylor-series expansion: 
Where
* is the price elasticity of the Hicksian demand; 0 is the initial price of the commodity k and ∆ is the price variation of the commodity k.
Based on equation (15), relative welfare variation is equal to the opposite of compensating variation divided by the initial amount of total expenditure. We can calculate the average of welfare variation across the whole periods, including, short term response (assuming that elasticities are equal to 0) or long term response.
As most of the previous studies, an overall negative willingness to pay for the price increasing are expected, although substitution among the four regions. Exact welfare variations are calculated by a scenario of 10% increase in the price of overall recreational fishing in four regions. Results and statistical properties are given in Table 6 . An increase of 10% in the price of these four regions decreases the welfare by 9%, on average. The changes depend on the value of the overall own-price elasticities of the Hicksian demand which, weighed by the market shares of each of the markets and the substitution effects from the other market. The more elastic demand is, the more variance in the welfare. Especially, recreational fishing in NJ is more vulnerable to an increase in the price. An increase of 10% in the price decreases the welfare by more than 5%, on average. An explanation is the own elasticity in NJ is elastic respecting over half of market share. Welfare variation is NY is relatively higher although the own elasticity is inelastic (-0.9), significant substitution effects exist with CT and RI. Those significant substitution effects between NY and CT, and RI and CT also can explain why welfare variation in CT approximates as those in NJ with much lower ownelasticity (-0.11). 
Concluding Remarks
This paper develops a recreational fishing demand system model based on the Generalized Demand Approaches and implements it empirically using a flexible functional form. It is the first application of the Generalized Demand Approaches to regional recreational fishing demand, and should provide a useful alternative to the studies of demand for recreational fishing/sporting fishing and other activities. The flexible functional form can be widely applied to different cases and provide a structure for robust analysis.
A shared system based on the AIDS is estimated in this study and econometrics results indicate most coefficients are found to be significant and can be used to calculate elasticities for the trip equation. Several measures of modeling fitness and systematic restrictions were tested and found to be significant in the analysis. Overall, angler trips in the study areas are found to be ownprice-inelastic. Angler trips in NJ and RI are sensitive respecting to the own-price change.
Angler trips in NY and CT are suggested less elastic demand, which means benefits generated from additional increases in supply cannot be fully absorbed in those two States and more important, the major suppliers like NJ maybe in a position to exercise market power in other markets. (Xie, Kinnucan, and Myrland 2009) . Weak substituted effect is found between the two largest markets, NY, and NJ, with a lower cross-price elasticities, which implies that the profits from increasing the local supply will not flow to another state. This paper also illustrates the potential welfare measurement as price changes for management decisions. It is useful for predicting the impact of some similar policies/regulation changes (e.g. fishing licenses). The average welfare changed by 9% as an increase of 10% in the price of these four regions and recreational fishing in NJ is more vulnerable to an increase in the price. 
